Resumo: O presente trabalho foi realizado utilizando o pacote computacional Gaussian03, onde procurou-se mostrar algumas propriedades que envolvem as principais moléculas dos ésteres metílicos, derivados dos ácidos graxos presentes no óleo vegetal de soja. Foram analisados dados obtidos em relação a energia do sistema e cargas de Mulliken sobre os átomos investigados. Buscou-se expor a problemática dos combustíveis fósseis em decorrência dos impactos ambientais. Realizamos análises teóricas das moléculas dos ésteres resultantes da reação de transesterificação com metanol, utilizando o método ab initio, usando o conjunto de base 6-31G.
Introduction
Computational simulations constitute a powerful tool for understanding molecular and atomic phenomena and considerable advances have been made in this field of research. Such simulations enable establishing a close link between theory and practice, contributing to the improvement of both. The use of this method can theoretically project the desirable properties of substances of interest, with the subsequent empirical investigation of only those that are potentially promising for research, which economizes both human and financial resources (Gavira 2003) .
The methods most employed in studies include the ab initio method, which is derived from the Latin meaning "first principles", whereas the semi-empirical quantum method consists Universidade Federal de Campina Grande, Centro de Formação de Professores, Unidade Acadêmica de Ciências Exatas e da Natureza, Cajazeiras 58900-000, PB, Brazil. E-mail: joseagripino1988@gmail.com, cdpinheiro@gmail.com Universidade Federal de São Carlos, Centro de Ciências Exatas e de Tecnologia, Jardim Guanabara 13565-905, São Carlos, São Paulo, Brazil. E-mail: elson.liec@gmail.com of using empirical approximations to predict fundamental characteristics of atoms and molecules. The complex systems of molecular and atomic patterns need to be studied in a more in-depth manner. For such, this type of method can be used to analyze basic scientific principles that are not yet well founded (Rossetti 2006) .
Considering this subject in terms of current problems, the present investigation addresses biodiesel derived from soybean oil, in which the synthesis process occurs through a transesterification reaction. These fuels are used in small percentages in diesel oil and could partially or completely replace petroleum diesel oil in internal combustion engines of vehicles and other types of machines. Together with ethanol, biodiesel constitutes an important alternative in the biofuel industry due to the fact that it is derived from biomass (organic matter of a vegetal or animal origin) (BRASIL 2007) .
The need to study biofuels has led to the increasing production/creation of new forms of knowledge and, consequently, novel discoveries. However, the study of the biofuel-forming molecules in soybean oil, which is the primary objective of the present study, could provide knowledge on the energy and physiochemical characteristics of the molecules that compose biodiesel and contribute to the understanding of the intrinsic characteristics of biofuel derived from this oleaginous plant (Azevedo & Lima 2016) . The present investigation was performed using the Gaussian 03 computational package to conduct a theoretical study using quantum calculations to explain properties of methyl ester molecules derived from fatty acids in soybean oil.
Study of novel fuels
The quest for new sources of renewable energy has been an objective in both Brazil and the rest of the world due to the future scarcity of fossil fuels and the environmental impact of the burning of these substances, such as the greenhouse effect, acid rain and the harm caused to human health. As Guariero et al. (2011) Biofuels are renewable fuel alternatives and biodiesel in particular stands out, since it can be obtained through different raw materials of a vegetal or animal origin. According to REN21 (2017): "Liquid biofuels continue to account for a large share of the contributions of renewable energy to the transportation sector. In 2016, these fuels provided about 4% of fuel used in road transportation worldwide."
To contextualize the global situation, biofuels underwent a 7% increase in 2013, with 5% increase in ethanol and an estimated 11% increase in biodiesel, representing increases of 87.2 billion and 26.3 billion liters, respectively. North America was the region with the largest production and consumption of ethanol, followed by Latin America, but Europe was the continent the produced and consumed the largest portion of biodiesel in the world (REN21 2014).
According to Castellanelli (2016) , many sources in Brazil that have a considerable potential for the production of biodiesel are either wasted or their potential is underpublicized. Some of these sources could contribute directly to the national and global energy sector, considerably diminishing the environmental impacts caused by the burning of petroleum-based products.
These new fuel alternatives offer environmental benefits and can assist in generating work and income in rural areas, supplementing the income of regions and individuals that depend mainly on family farming.
As Trzeciak et al. (2008) state:
The introduction biofuels to the Brazilian energy matrix came about through Law n° 11097 of January 13 th , 2005. According to this law, the use of B2 (2% biodiesel and 98% petroleum diesel) was optional from 2005 to the end of 2007, becoming mandatory in early . Between 2008 and 2013 , the use of B5 will be optional and will become mandatory after this period. The cultivated area needed to meet the 2% mixture of biodiesel to petroleum diesel is estimated at 1.5 million hectares, which is equivalent to 1% of the 150 million hectares available for agriculture in Brazil. Brazil has the greatest biological diversity in the world, with an estimated flora of 50.000 to 60.000 species.
The production of biodiesel from vegetal and/or animal oil is achieved through the transesterification processes. Depending on the type of alcohol used in the reaction, biodiesel can be a methyl ester stemming from the use of methanol or an ethyl ester stemming from the reaction of ethanol and both processes generate glycerin as a byproduct, which is a compound used in industry with a certain aggregated value (Prates et al. 2007 ).
The potentiality of the use of biodiesel depends on a gamut of factors, such as economic competitiveness, quality, acceptance, etc., indicating that as long as consumers do not see any real advantage over petroleum diesel, they are not likely to opt for biodiesel, which leads to a very restricted dissemination of novel fuels. It should be stressed that biodiesel does not require any modifications to the internal combustion engine and can therefore be used in all vehicles (Beneditti et al. 2006) .
Recent studies have shown a quantity of relevant unsaturated fatty acids in soybean oil, accounting for approximately 86% of the constituents of the beans. The fatty acids found in this oil are palmitic acid (C16:0), the percentage of which ranges from 8 to 17%, stearic acid (C18:0; 3 to 30%), oleic acid (C18:1; 25 to 60%), linoleic acid (C18:2; 25 to 60%) and linolenic acid (C18:3; 2 to 5%). Depending on the concentration of particular fatty acids in soybean oil, such as high concentrations of esters from linolenic and linoleic acids, the oil may be inadequate for food processing due to its lower stability in the presence of oxidation (Melo 2009; Silva 2014) and may be used for other purposes.
Ab initio method
The properties of materials are currently investigated using methods that can be divided in two special classes: the ab initio method, the aim of which is to obtain properties from an approximate solution of Schrödinger equation (Equation 1), and the semi-empirical method, the aim of which is to use experimental values in calculations (Hehre 1986; Levine 1991) . In 1926, Austrian physicist Erwin Schrödinger introduced the equation used to describe the atom, which is known as Schrödinger's wave equation:
in which Ĥ is the Hamiltonian operator,  is the wave function of the electron and E is the energy of the system. Currently, a broad class of practical technological applications can be modeled through analytical solutions and numeric simulations involving this equation as a basic tool.
Mulliken charges
Mulliken population analysis is certainly one of the most traditional and widely disseminated methods among chemists. This method is based on molecular orbital theory, in which a set of molecular orbitals (ψ i ) is defined as a linear combination of k atomic orbitals, which is also known as a basis function, the coefficients of which are determined using the Hartree-Fock method. Mulliken population analysis owes is considerable popularity, in part, to its easy calculations. It should be stressed, however, that this method has important limitations and its use has been widely criticized. Mulliken population analysis assists in identifying momentary partial charges in a system derived from the readjustment of the electron cloud (Guadagnini & Bruns 1995) .
Material and Methods
Hartree-Fock-Roothaan theory, which is an improvement on the Hartree-Fock method and is known as the self-consistent field method, was used to conduct a theoretical study on esters obtained from soybean oil. Deriving what is currently known as the Hartree Equation as an approximate solution of the Schrödinger Equation, Douglas Hartree required the final field calculated from the charge distribution to be "self-consistent" with the initially assumed field. Therefore, self-consistency is a requirement of the solution.
The atomic centers of the atoms studied (carbon, hydrogen and oxygen) were described using the 6-31G basis set. However, we used the STO-3G and 3-21G basis sets to diminish the computational cost. The STO-3G (Slater-type orbital) basis set was one of the first function sets successfully used to evaluate parameters related to species such as helium gas (H2) and the helium hydride ion (HeH+) (Szabo & Ostlund 1996; Oliveira 2010) . The 3-21G and 6-31G basis functions are called divided valence basis functions, the main characteristic of which is the division of orbitals into two main regions: orbitals located closer to the nucleus and orbitals located in the outermost part.
All calculations were performed with the aid of the Gaussian 03 computational package. We used the free software Avogadro version 1.1.1 to create the optimized molecular structures. The GIMP software was used to insert the numeration of some of the atoms of some molecules. The software programs were executed in the GNU/Linux environment (Avogadro 2012; Gimp 2017).
Results and Discussion
The most stable three-dimensional structures of the esters derived from the transesterification reactions of triglycerides are illustrated in Figures 1-8 , which were optimized to locate the minimum energy structure using the method Hartree-Fock (HF) in the Gaussian 03 software and modeled with the Avogadro program. The molecules derive from the transesterification reaction of soybean oil with methanol. For the esters oleic, linoleic and linolenic acids (C18:1, C18:2 and C18:3, respectively), which are illustrated in Figures 11-13 , the prevailing isomerism is E in preference over Z, which has less repulsion between the groups, thereby diminishing the energy of the molecule and contributing to minimize the energy of the system. More carbon atoms are seen in Figures 11-13, since these have unsaturations. Table 1 displays the Mulliken charges on the atoms studied (1, 2 and 4) taking into consideration that the atoms analyzed are oxygen and carbon forming C−O and C=O bonds. The presence of oxygen in these bonds causes the displacement of the electrons of the bond in the direction of this atom, leading to polarity in the molecule and, consequently, a positive charge density in Atom 1 and negative charge density in Atoms 2 and 4. Analyzing the results displayed in the table, Atom 4 has a more negative charge density than Atom 2, which may be due to the electron-donating methyl group linked to Atom 4.
Analysis of Mulliken charges
In comparison of the results for esters C16:0 and C18:0 displayed in Table 1 , there is a decrease in the content of positive charge of Atom 1 caused by the increase in the carbon chain. This increase leads to a reduction in the positive charge density on the atom due to the fact that the ethyl group (~C 2 H 5 ) that was added to the chain is an electron donor, thereby rearranging the electrons in Atom 1 such that its positive charge content is diminished. Moreover, analyzing the values related to the increase in unsaturations, Atom 1 of ester C18:0 basically has the same value as Atom 1 of the ester C18:3. We can therefore conclude that the increase in unsaturations does not have any affect regarding the charge density in this atom.
Concerning Atom 2 of ester C18:0, the insertion of an unsaturaiton led to a small increase in the negative charge content. However, the values remained nearly constant with the increase in the number of unsaturations. The same occurred for Atom 4. The graph in Figure 14 displays the results of the energy analysis, illustrating several aspects related to the energy of the system and enabling some considerations regarding the stability of the compounds analyzed. Figure 14 . Graph of methyl ester energy in increasing order using HF/6-31G basis set and information on maximum amount of fatty acid in soybean oil. Figure 14 shows that the most stable molecule of the biodiesel is that of ester C18:0 and the least stable is that of ester C16:0. Regarding the increase in the number of unsaturations of the molecules with 18 atoms, an increase in stability was found in the following order: C18:0 > C18:1 > C18:2 > C18:3. Comparing the energies of the molecules with 18 carbon atoms, the energy of the system increases with the increase in unsaturations. The molecule with no unsaturations (linear) has the least energy, since it does not undergo the repulsion action of any group, in comparison to those with unsaturations in the carbon chain, especially when the unsaturation is found in the middle of the chain. This may occur due to the effects of steric impediment (molecules with unsaturations tend to form angles), as shown in Figure 15 . A lower angle A translates to greater repulsion of the groups and, consequently, greater energy. Taking this factor into account, the molecule with the largest number of unsaturations has more energy. 
Conclusions
In the present study, HF/6-31G was capable of determining parameters of the substances studied, which is in agreement with the principles of chemistry. The analysis of Mulliken charges enabled the precise determination of the positive center of the molecules studied. Therefore, this analysis can assist in the study of reactions in which molecules may participate.
Considering the stability of the systems investigated, we may conclude that the most stable molecule is the ester C18:0. However, this ester is not that which is contained in a greater percentage of the soybean oil. Thus, the analysis shows that, to some extent, the esters obtained from soybean oil have certain instability, demonstrating that this substance may undergo the effects of oxidation.
Analyzing the energy graph, one may conclude that the biodiesel obtained from soybean oil is an unstable substance, since the percentage of unstable compounds in its composition is greater for the molecules of the methyl esters C18:1 and C18:2. This finding is in agreement with data described by previous authors, who state that soybean biodiesel tends to undergo oxidation reactions easily (Melo 2009; Silva 2014) . Therefore, this biofuel should be stored well and not be exposed due to its oxidative instability.
